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REPORT DOCUMENTATION PAGE (CONTINUED)

Block No. 20 ABSTRACT
A solid state power controller has been designed in four ratings

to switch 28vDC power to selected loads upon remote command. The

four ratings trip out at currents of 10, 5, 2 and 1/2 amps. The

design allows for wide variations in load and supply voltage and

will not trip out on short load transients of up to 1000% of rated

load current. In case of failure of the controller circuitry, an

internal fuse protects the load from excessive current. The control

current which operates the controller also provides a sensing function

so that the state of the controller\can be determined remotely. The

controllers are- deiid -. 66' teoe acsetmer-r range of..

-54Cto 120C. A quantity of 100 units have been fabricated, tested,

and supplied to the Navy.
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1,. 0 INT-RODUCTZO_

The Final Report for the DC Controller program was prepared

for the Naval Air Development Center under Contract #N62269-77-C-

0413. The text describes the circuit operation, plysical construc-

tion, assembly techniques and test procedures used in the

manufacturing of one hundred power controllers. The controllers

delivered operate from a nominal 28V supply and are rated for

either 10A, 5A, 2A or 1/2A output load. These units were designed

to comply with the requirements of Specification No. NADC-30-TS-

7602 date&27 April 1976.

This report describes the electrical design in Section 2,

the physical design in Section 3, and the manufacturing process

in Section 4. Appendix A is the parts list.
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2. 0 _CZR=UI. DWSZGI AMID.OPRATIOIN.-

. . -2.1. General Description

The electrical design of the DC power controller was divided

into three subcircuits each of which was incorporated as a thick-

film hybrid. As shown in Figure 1 the Power,

Logic and Amplifier hybrids provide all switching, sensing, control

and voltage regulator functions internal to the controller. Since

the internal sense and control functions are not dependent on the

power rating of the controller module, the logic and amplifier

hybrids are identical for all controllers produced. The power

hybrid is constructed with a maximum of four parallel power switch-

ing stages for a 10A rated unit. For SA, 2A or 1/2A rated controllers,

the same ceramic substrate was used for the power deck construction

but with fewer of the parallel switching sections implemented.

By using this technique, effectively, only one power hybrid had

to be developed and the physical design task was reduced to devel-

oping only one controller type. Figure 2a shows the unit with the

cover on, and Figure 2b, 2c and 2d show the unit with the cover off.

.2.2 Subcircuit Design and Operation

The three subcircuits of each controller were partitioned

so that the interconnection between the hybrids would be minimized

as shown in Figure 1. The amplifier and logic hybrids were joined

back to back in a sandwich arrangement with three opto-couplers

mounted on the side to form the control subassembly. The power

hybrid was soldered onto the steel header and a discrete diode was

added internal to the terminal posts to form the power subassembly.

The interconnections between he two subassemblies were then reduced

to five interface wires in addition to four of the five terminal

posts brought in from the outside of the controller.

-2-
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2.2.1 Logic Subcircuit

Figure 3 shows a block diagram of the DC Controller portion

contained in the outlined area at the left. The logic subcircuit

consists of the control input interface, a 12.5 volt precision volt-

age regulator, the three CMOS IC's which perform as the internal

control logic and part of the rise/fall time circuitry. Figure 4

is a schematic diagram of the logic hybrid........

2.2.1.1 Control Input/BIT Response

The control input interface circuit is composed of three opto-

couplers mounted off-board and discrete chip semiconductors.

The circuit was designed to provide 1000 VAC RMS isolation between

the controller's external control lines and the power and ground.

In addition to providing a turn on signal to the control logic,

the input circuit will alter its impedance between the two input

terminals to indicate one of three values dependent on the operational

state of the controller% 420a for a trip condition, 720Q during

normal operation, and 1100n if a fault has been detected when the

input signal status is compared to the controller's output current.

The input signal current is divided between the Z3 LED, used to

indicate a turn-on signal to the logic, the ballasting resistor for

zener diode Dl, and two current sources that are set by the state of

the controller. The zener diode develops a reference voltage of

approximately 3 volts that is used for the Q20 constant current

source. This insures sufficient LED current for proper operation

of Z3 independent of the rest of the input circuitry and over the

120*C temperature range. Ql and Q2 also act as current sources that

tap a portion of the 10ma input current when they are turned on

by Z1 or Z2, thus altering the circuit's effective input impedance.

If the controller is in the tripped condition, both Z1 and Z2 are

-8-7
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turned on with saturated photo transistors. The potential across

R2 and R3 is then about .V below the D1 zener voltage. These two

paths tap a portion of the 10ma control current thus reducing the

current through R6 and therefore reducing the voltage across this

resistor. Under these conditions, the voltage drop across the

input terminals will be about 4.2V when a 10ma input signal is

applied to the controller. If the controller is in a normal oper-

ating condition, either passing output current with-an applied

input signal or turned off when no signal is applied, Z1 will be

turned on and Z2 will be turned off. During the normal on condition,

the l0ma DC input will develop 7.2V between the input terminals.

During the normal off state, the controller will respond with the

7.2V level in less than 50,As. Since the controller output will not

respond in less than 100 ps, the proper off state operation of the

controller may be ascertained by short duration interrogation pulses.

If a fault condition is detected by the control circuitry (output

current without an applied input signal or no output with input

applied), both Z1 and Z2 will remain off, the input current will be

divided between R6 and Z3, and the input voltage drop will be llV.

If the voltage supply is removed from the Power In terminal, there

will be no supply to the logic circuitry or Zl and Z2. Therefore, if

Control Input current is applied, a fault condition will also be

indicated. If the controller is delivering load current without an

applied input signal, the fault condition can be sensed by application

of an interrogation pulse.

t-11-
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2.2.1.2 Control Logic

Upon application of input signal, the transistor of opto-coupler

Z1 turns on, allowing the input of buffer Ul/A to go high. RII,

Cl, and the inverter/buffer, Ul/B, will cause a 200 microsecond

delay of the input signal. This will allow sampling of the BIT

state of the input circuit before turning on the controller.

The output of Ul/B is fed into the off-time integrator composed

of R13, C2 and D2. The output of the integrator is buffered by

U3/C and U3/D and fed into the reset input of the trip state flip-

flop. The off-time integrator will not allow the flip-flop to

reset when a trip condition has occurred until after the control

input has been removed for at least 6ms.

The trip state flip-flop is composed of the two NAND gates of

U3/A and B. Gate U2/C compares the output of the trip state

flip-flop versus the delayed input state in order to turn on the

output stage of the controller. The output of the trip state

flip-flop is also buffered by U2/A and fed to opto-coupler Z2 in

order to relay the trip state to the input circuit. Ul/3 generates

the fault status of the controller so that a fault signal will

occur if either there is an input signal without detection of

10% rated controller output from Min I or if there is current

output without application of input signal. The output is fed

to U2/B which is lit during a no-fault state. In the event that

input power to the controller is removed, the LED of Z3 will

extinguish, thus also indicating the fault state.

-12-
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2.2.1.3 Ref. Ramp

The output of U2/C is inverted and buffered by U2/D which

feeds the bases of the PNP and NPN transistors. During an ON

coumand to the controller, the output of U2/D is low, turning

on Q17 and turning off QI8. The collector of Q17 reflects a

scaled down voltage of the applied power input from the supply

reference voltage developed on the amplifier hybrid. This gener-

ates an ON reference curve through R18 and C3 up to the value of

the input reference voltage. This reference ramp is fed into

the POWER ON amplifier on the amplifier hybrid in order to control

the time of the rising and falling edge of the power output.

2.2-.1.4 Regulated Power Supply

The voltage regulator IC 07 provides a stable interne 1 supply

and reference voltage over variations in temperature 
and power

input voltage. Q15 and Zener D5, provide protection to the

regulator IC input during 80 volt transients applied 
to the input.

The 12.5 volt output taken from the buffering output of 
Q19 is

used to supply the CKOS logic, the quad voltage comparators 
quad

op-amp IW's of the current detectors, and logic side of 
the

opto-couplers.

2.2.2 Amplifier Subcircuit

Figure 5 has an outline around the Amplifier portion of the

block diagram. Figure 6 is a detailed schematic of the Amplifier

hybrid. The Amplifier circuitry is constructed with a quad voltage

comparator U6 and a quad operational amplifier US. These analog com-

ponents provide the level sensing to detect fault and trip condi-

-13-
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tions within the controller and supply the control interface to the

power subcircuit.

2.2.2.1 Sense Amplifier n

The current output of the controller is sensed by a propor-

tional voltage drop referenced to the power input terminal. The

resistor bridge of R14, R15, R53 and R54 provides a scaled down

level of the sensed voltage to the input of the sense amplifier

so that, at the maximum power input voltage of 30V, the common

mode level to the op-amp is within the proper operating range.

R48 and R49 provide an offset to the sense amplifier so that when

the sense voltage is zero. the output of the sense amplifier will be

IV. This offset insures proper operation of the minimum current

detector by increasing the common mode detection level above OV.

The net result of the sense amplifier circuit is that for

each 100% increase in the power output current to the load, the

sense amplifier output will proportionally increase by .9V. Thus,

with no power output current, the sense amp output will be just

the 1 volt offset. At the 10% level of rated controller output,

the amp output will be 1.09V; at the rated controller output

current, the amp output will be 1.9V, and at 1000% of rated controller

output, the sense amp output will be 1OV.

The amplified sense voltage is fed into a minimum current

detector of U6/C, a trip time integrator composed of US/B and

U6/A, a maximum trip limit detector of U6/B and a gain compensa-

tion amplifier composed of U5/C. The reference inputs to these

four stages are derived from a voltage divider which is tied to

the regulated supply of the controller.

j -16-



HADC-76215-30

* I .-- --- -- -.--

Or-.

#4 -.
_____~~~- 7 L--t- - .- ~F~

4A4M

. "a

:4

ke_ __ _ _

fii

19 u

,~.U 44 lu #4* rqe 4 4U #4 #

'im



NADC-76215-30

2.2.2.2 Minimum Current Detector

The voltage comparator, U6/B, is used as the minimum current

detector and switches at the amplified sense voltage equivalent

to an output of 11% rated load current. R35 is a pull up resistor

tied to the comparator's open collector output so that 0 to 12.5V

logic levels will be relayed to the logic hybrid.

2.2.2.3 Trip Timing

The trip time integrator, US/B, generates a ramp voltage

whose slope is in proportion to the difference, of the output of

the sense amplifier and the 125% rated load reference point taken

between R45 and R46. Thus, the delay between application of an

overcurrent condition and the time the voltage comparator, U6/A,

trips low, will be in proportion to the amount of power output

current that exceeds 125% of rated load. The result is a switching

time in accordance with the trip timing curve as shown in Figure 7,

Region 1.

2.2.2.4 Maximum Current Detector

The Maximuim Current Detector, U6/D, is a voltage comparator

that will trip out the controller in less than Ims when the load

current exceeds 1000% of the rated output. At the 1000% level,

as shown in Figure 7, Region II, the controller must trip out in

less than lOOms. Since the voltage comparators of the trip time

integrator and maximum current detector have open collector

outputs, they may be phantom r'ed together so that either trip

limit will be indicated by the low logic level at the common node.

ii
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2.2.2.5 Gain Compensation
In order to minimize the power dissipation of the controller

during normal operation, extra output stage drive to the solid

state switch is added only during the over-current condition.

The Gain Compensation amplifier, US/C, provides this drive as a

voltage between 2.5V and 10V that is proportional to the output

over-current. The voltage comparator, U6/D, inhibits the gain

cOmp. output if the load current is less than 125% rated controller

current.

2.2.2.6 Rise/Fall Timing Amplifier

The operational amplifier, US/A, is part of a feedback loop

that controls the rise and fall time of the controller's power output

voltage so that proper operation can be maintained over variations in

operating voltage, temperature, and nominal load current. The

amplifier monitors the scaled-down voltage of the output terminal

through R63 and R19, and adjusts the drive to the power switch so that

the rise or falling edges of power output voltage will track a sampled

section of the reference ramp generated by the control logic.

2.2.3 Power Subcircuit

The Power Subcircuit, shown in the o0tlined portion of the

Block Diagram, Figure 8, contains the function that senses the

output current to the load and provides the solid state switch-

ing of the load current. Also included on this hybrid are the

components needed to suppress high voltage, short durationI
transients. Figure 9a is the schematic diagram of the Power

I
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Hybrid-10 amp. version. Figures 9b through 9d are the lower

current versions.

2.2.3.1 Solid State Switch

The solid state switch function can be divided into a power

switching section and the control to the power switch, as shown

in Figure 9. The power switch is composed of four pseudo

Darlington pair stages connected in parallel for a lOA configured

controller, two parallel stages for a SA controller, and a single

stage for 2A and 1/2A rated units. The output transistor of

the Darlington pair was selected for its low leakage current at

100*C in conjunction with its need to deliver high currents in

the on state with minimum collector to emitter voltage drop. The

gain and peak current capability had to be sufficient so that at

the controller header temperatures of 1200C, each Darlington pair

could deliver 25 amperes. The output transistor is designed to

operate just out of the saturation region in order to minimize

the voltage drop from the input to output terminals and to also

reduce the effects of the variation of transistor gain.

Theo tputtr-anusistor, RCA 67654, is similar to a 2N6327but

is selected for its low leakage and guaranteed gain at low temper-

ature. This passivated transistor also uses a fabricati-on-

technology that allows the device to be soldered to the hybrid

substrate.

-
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The drive transistor, a 2N3792, is forced to operate fully

into saturation. The total voltage drop across the output pair

is then the saturation voltage of the drive transistor, plus

the base to emitter drop of the output transistor. The base pull

down resistor of each output transistor insures minimum leakage

current at elevated temperatures.

The control section of the solid state switch is similar

in design over all of the controller current ratings. The semi-

conductor parts remain the same for all controllers but, in order

to reduce the on stage power dissipation, the resistor values

selected are depndent on the controller output current rating.

During normal operation up to rated output current, the

GAIN COMP input insures that 03 is turned off and that the control

to the solid state switch is applied from the POWER ON lead from

the amplifier hybrid. Since Q3 is off, there is no supply current

to the collector of Q4, or the base of Q5, therefore eliminating

them from acting as gain stages. The base drive to Q6 is therefore

only the current supplied from the POWER ON input. The drive to

Q6 insures that it is saturated. Since Q5 is inactive, the drive

current to the power switching section is determined predominantly

by R26. This resistor value is determined by the worst case gain

condition of the output when the POWER IN terminal is held at 17 .5V.

During an overcurrent condition, the GAIN COMP signal increases in

proportion to the output current, thus turning on Q3. This now

allows Q4 to supply extra drive to Q6 to maintain it in saturation

and also allows Q5 and R64 to act as a current source. The result

-26-
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is then the added drive current required by the output transistors

during the high load current surges, but without effecting the

power dissipation during normal operation.

2.2.3.2 Current Sense

Detection of the controllers output current is achieved by

the placement of thick film resistors in series with the output

current path. Each output transistor pair has a sense resistor

that is specified to have .2V drop when the stage is passing its

rated capability. Since for 10A and 5A controllera the individual

output stages are designed to pass 2.5A when delivering rated

capacity, the sense resistor value used would be 80 milliohms.

The 2A and 1/2A controllers only use one output stage and therefore

the sense resistors used with those units would be 100 mQ and 400 ma

respectively.

The sense resistors also provide a ballasting effect in the

multiple stage 5A and 10A controllers. In the event that any

single output stage begins to pass more current than any other

parallel stage, the sense drop of that series resistor will increaser

thus reducing the emitter to base drop of that particular drive

transistor. This will reduce the drive current to the dominant

output transistor.

The sense resistor voltage drops are summed together through

SOG resistors to a common node. The summing resistors also provide

isolation between stages so that the ballasting effect can be

maintained.

-27-
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The sense resistors also provide the fail-safe fusing function.

Experiments with a separate fuse wire that would have been incorp-

orated as part of the power hybrid, did not provide confidence for

repeatable unit-to-unit results. Sense resistors subjected to

over-current surges would blow out more uniformly as shown in

Figure 10. The results indicated that the resistors would open

above the valid fusing curve at the lower overload currents and

that they would not blow out in the valid trip-out region. Results

using the coil were as a fuse element indicated that violation of

the power controller trip area was possible (See Figure 10).

1-28-
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3.0 PHYSICAL DESIGN

The controller mechanical design required minimization of

the volume and weight but with a rugged construction that could

withstand 100G's of shock and a rigorous vibration cycle. In

order to meet these requirements, plus a -650C to 1500C storage

temperature, the controller circuitry was contained within a

steel cover mounted to a cold rolled steel header base plate.

Figure lla is a sketch of the design.

3.1 Header and Cover

The design for the controller package as dictated by

Specification No. NADC-30-TX-7602/01, required five terminals

to be mounted on the base plate assembly. Since open semiconductor

chips were used in the design, the package was required to be

hermetic. Hence, in order to make contact with the internal

circuitry, the terminal posts used a glass to metal terminal

to isolate them from the metal header.

Initial calculations indicated that using the .200 inch

terminal spacing specified by the slash sheet would not allow the

controller to pass the required dielectric withstanding voltage

test at a pressure equivalent of 100,000 feet altitude. Tests

were performed assuming a .350 inch terminal spacing and using

a .250 inch diameter glass bead. Under a 500V potential, this

design withstood voltage breakdown until the 70,000 foot equiva-

lent pressure was reached. To incorporate the large insulation

spacing required, the header layout was altered to that shown in

Figures lla, llb and llc, and terminal hooks were incorporated as

per NADC request.

-30-
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Due to the simlar internal construction of all controllers,

only one type of cover was manufactured for all controller ratings.

This tin plated steel cap was then soldered to the plated header

after the hybrids were installed. An evacuation hole in the top

of the cover provided the final seal.

3.2 Internal Construction

As shown in Figure lla and lid, the three hybrids that contain all

the controller circzuitry are arne itwseaate The.----h

bottom layer is the power subassembly and consists of the header

baseplate, the power hybrid and a discrete diode. The top layer

is the control subassembly and is composed of the logic and amplifier

hybrids, and three opto-couplers.

3.2.1 Power Subassembly

The power subassembly identifies the cntroller's output

current rating by the capacity of the power hybrid soldered to it.

In order to minimize the thermal resistance between the power

transistors and the header heat sink, beryllia oxide was selected

for the power hybrid substrate. The power hybrid is fabricated

from .040 inch thick beryllia, with a final thick film copper back-

plane and copper metallization on the top surface.

Copper metallization was specified because of its good

electrical conductivity, reduced metal scavaging during the high

temperature soldering of power transistors, and lower thermal
resistance than other types of metallization.
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Major power transistors used a soldered back technology and

the lower current semiconductors were attached with conductive

epoxy.

Interconnection to all but the power output transistors was

made with appropriate size and number of gold wire bonds. The

power transistor emitter and base contacts were made with clips

attached to brass posts. As indicated in Figure 12, the posts

were supported and aligned by holes placed in the beryllia. After

the posts were soldered to the copper metallization, the alignment

hole was then backfilled with epoxy to provide an insulating

barrier.

Screened, thick-film resistor chips were used on the power

substrate. Using chip resistors provided the advantage of having

to manufacture only one type of (Beo) substrate, then selecting

the chip components dependent on the power hybrids current rating.

A discrete IN4002 diode was incorporated into the power sub-

assembly by supporting it between the POWER IN and POWER OUT

terminal posts. The axial leads of this device then provided

the mechanical and electrical connection to the subassembly.

3.2.2 Control Subassembly

The top level of the controller circuitry is constructed of

the logic and amplifier hybrids placed back-to-back and supported

-6
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by five header terminal pins. Besides providing the mechanical

support to hold the subassembly firmly in place, four of the

five terminal pins also are used for the electrical connections

to the lower level. Two of the terminal pins bring the control

input signal directly from the outside, up to the logic hybrid.

One other pin ties the ground to the subassembly and the final

pin connection monitors the response of the power out terminal.

Five riser wires provide additional interface between the

upper and lower levels. The wire contacts are made by solder

connection directly to the power hybrid metallization and to the

wrap-around clips on the upper level. The wrap-around clips also

provide the electrical interconnection between the logic and

amplifier hybrids.

Three opto-couplers are cantilevered on one side of the

upper assembly. These TO-18 case units make mechanical and

electrical connection via the four wire leads which protrude

from the bottom of the opto-coupler as indicated in Figure 13.

Electrical interconnection from the lead contacts on the amplifier

hybrid side to where the input circuit resides on the logic hybrid,

is made with copper straps.

I
i

'I
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4.0 MANUFACTURING AND TESTING

The sequence for producing an integrated controller involved

first, the construction of the three hybrid types, then assembling

each subassembly, and then final integration and seal.

Parts were tested throughout the production cycle so that any

circuit failure could be detected as early as possible and to

also insure that the controller, when sealed, would fully comply

with the specification requirements. Figures 14 a, b and c detail.

the assembly and testing steps required from substrate printing

to delivery of completed and tested controllers.

4.1 Control Subassembly

Similar construction sequences were used to assemble the

logic and amplifier hybrids. At steps Li and Al, as shown on

Figure 14a, the substrate was constructed with multiple levels

of printing of thick film resistor and conductor traces. Trim-

ming resistors to value was also included at this production

level. At the second level (L2 and A2), semiconductor chips

were epoxied to the substrate and, after a high temperature

cure, these parts were wire bonded to the substrate to make

their electrical connections. After bonding, the hybrids were

checked for proper operation.
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Incorporated as part of the procedures, all hybrids were

visually inspected to detect abnormalities prior to being powered

up. Since both logic and amplifier substrates require active

trimming to bring operational tolerances within limits, rudimentary

tests (L3 and A3) were performed to exercise those components

affected by dynamic trimming. The test point measured during the

trim procedure was recorded at the trim facility and remeasured

after trimming at the evaluation test position. This would detect

differences in instrumentation between the two work positions.

After trimming, the amplifier hybrid was checked for proper

operation at 17.5V and 30V. Supoly current was measured to

determine maximum power dissipation. The output of the trip time

integrator, the minimum current detector and the gain compensation

amplifier were checked by simulating the voltage developed across

*-- the current sensing resistor. The rise/fall time amplifier was

* -checked by connecting the inputs to a DC potential and measuring

for a fixed output voltage.

The logic hybrids were evaluated fcr the stability of the

on-board voltage regulator, correct operation of the combinational

logic elements, power dissipation, proper Zener diode voltage

jand switching capability of the input circuit transistors. Signal

timing is not incorporated as part of the hybrid evaluation test.

Hybrids that did not comply with the established standards

we e evaluated to determine the nature of the failure and, if

U -44-
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possible, the fault was corrected and the hybrid was retested.

Faults that were typically detected at this stage would be

defective IC's, out of value resistors and damaged wire bonds.

After completin~gthe hybrid tests and passing QC inspection,

the control subassembly was constructed. Three opto-couplers

that had. previously been tested at 125*C for transfer charac-

teristics and switching speed are attached to the two back-to-

back substrates.

4.2 Power Subassembly

The power hybrid construction stared with the printing of

the copper backplane, copper conductor traces and an insulating

ink onto the BeO substrate.

The substrate was populated in multiple steps, using

different temperature solders. First, the posts used to hold

the power transistor clips were attached to the substrate, using

Au Ge solder at 4000C in a hydrogen atmosphere. Then the power i
output transistor and its base and emitter clips were attached,

using solder preforms at 3300C in a reducing H2 N2 atmosphere.

At this stage, the power transistors were tested for leakage

current. If a stage was found defective on a substrate mounted

with multiple output stages, the hybrid would be downgraded in

current rating. Therefore, two stages of IOA power hybrid could

be disabled by removing the transistor clips, thus forming a SA

unit. Similarly, the defective stage of a designated SA unit

could be disabled and the substrate could be used for a 2A or

1/2A controller.

-45-
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At this point, the lower power transistors and diodes were

epoxied to the substrate and cured. All semiconductors were

then wire bonded with gold wire. The transistor terminals that

would be required to pass high current were connected with

multiple bond wires.

The final population step was to solder the pretrimmed chip

resistors to the substrate. The resistor values selected would

be determined by the rating of the power hybrid. Prior to assembly

of hybrid to header, the epoxy insulation was tested, placing the

hybrid on a wet blotter situated on the metal plate and applying

the 1000V RMS test voltage between the plate and each pin. Having

passed this test, the hybrid and header were soldered together.

The power hybrid was tested after being mounted to the header

baseplate. Prior to power up, the unit was given a visual examin-

ation and the subassembly serial number was assigned.

The assembly was checked with 1000V AC for dielectric isolation.

Off-state leakage current was checked by derating the specification

values given at 1000C to projected currents at 25"C. The output

stage was tested at the current rating of the controller that it

would be assembled into. The voltage drop across the output stage

was also measured at the rated current.- The gain compensation
control circuitry was also exercised to insure that it would deliver

adequate drive current.

-46-
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4.3 Controller Integration

At the pre-cap stage, the control subassembly (logic and

amplifier hybrids plus the three opto-couplers) was press-fitted

on top of the power subassembly and temporary riser wires were

attached between the two levels. Since this was the first time

that all components interact completely within the particular

controller module, tests were performed to insure proper operation

within specification limits. Isolation, insulation resistance,

and dielectric withstanding high voltage tests were not performed

at this stage since the controller circuitry was still exposed to

a possibly humid ambient environment. Transient tests were also

not exercised during pre-cap evaluation since the controller

response to transients was mostly dependent on design and not

component interaction variations. The only other test not performed

at the pre-cap stage was the trip time characteristics at output

currents above 150%.

In the event that the controller had failed any test at the

pre-cap stage, the unit cotd be debugged while still assembled.

The control assembly coud easily be removed for repair at this

stage since all electrical and mechanical connections were only

of a temporary nature. If necessary, the logic and amp. hybrids

cau1be separated, but most repairs could be made with the two

hybrids back-to-back. After repair, the controller was, again,

subjected to the pre-cap test phase.

-47-
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After the controller passed the pre-cap test phase, the

control subassembly was permanently soldered onto the support

pins, and riser wires from the power subassembly to the upper

level were permanently attached. It had been observed that

some of the controllers had trip BIT voltages that were marginal

or slightly below the specification limits when examined at the

pre-cap test level. It was determined that an active trim to

R2 on the exposed logic hybrid could easily be performed to pull

the trip response level to the center of acceptable limits. This

conditional step is shown at Block C6 on Figure 14b.

Prior to inspection at C7, the opto-couplers were epoxied to

the l.ogic hybrid for additional support. After inspection, but

prior to having the cover attached, the integrated assembly was

subjected to a quick series of tests to confirm that no damage

occurred during the final solder, trim or epoxy operations. The

header cover was then fitted and soldered in place, the unit was

purged, baked, and backfilled with dry nitrogen prior to sealing

the tip-off port. The controller was then tested for seal integrity

as outlined by the specification and as part of the Acceptance Test

Procedure. The serial number assigned to the controller at this

point was the manufacturing line number that was used on its

power subassembly.

The sealed controllers were then mounted on a plate, to cover

their heat sink surface. The units were then sprayed with black

epoxy paint.
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The first thirty-one controllers constructed were then subjected

to vibration of 2.5 G's at 55 Hz at temperature extremes of -30"C

and +859C. The period of vibration lasted ten minutes at each

extreme after temperature stabilization. Although this processing

step was not a contractual requirement, it was determined that

this stress cycle would insure confidence in the mechanical integrity

of the construction.

Since problems did not become evident due to the shake and

bake cycle, this processing step was eliminated for the remaining

controllers. The controllers- then proceeded to final testing.

4.4 Controller Testing

After the final assembly step, the controllers were evaluated

for compliance with Specification NO. NADC-30-TS-7602 dated

27 April 1976. This was performed in accordance with contract

requirements and applicable specification items for DC controllers.

All 100 controllers were checked against the appropriate items

listed in Group I, Table III of the specification. Three controllers

of each rating were additionally checked against the appropriate

requirements of Group II and Group III of Table III. These controllers

were not required to be tested for temperature shock, acceleration,

salt fog, or humidity as per the contract. In addition, it was

agreed upon that NADC would perform vibration, temperature altitude,

radio interference, shock and life tests.

4.4.1 Group I Test Procedure

The test procedure given in Appendix C was adopted to check

each controller.s compliance, with the specifications. Each test
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paragraph lists the title of the step being performed, the

Requirements and Quality Assurance Provisions references to

specification Paragraphs 3 and 4, and any applicable definitions

given in Section 6.5. The test paragraph also includes an

explanation of the procedure to be performed at that test step and

the acceptable limits allowed.

The initial tests performed on a controllers checked the high

voltage isolation between the terminal and case and between the

control input circuitry and the components tied to the power

terminals. The controller was then connected to a heat sink test

fixture.

The Power Input terminal was connected to a 30V, 80A power

supply and the Power Output terminal was connected to the appropriate

load via soldered wire connections. The Power Ground, Control

Input, and Control Ground connections were made with clip-on leads

and fed to the test control box. In addition, clip leads were

attached to the Power Input and Power Output terminals so that

voltage measurements could be made directly on the controller

without the effects of the resistance of the power lead wires.

The control and measurement leads were fed to a test control

box that contained a rotary switch for convenient measurement

between the various test points, and a set of voltage comparators

used for the accurate measurement of the power output rise, fall

and delay times. The outputs of the voltage comparators were fed

into gating logic whose outputs represented controller waveform

times and were selected via a rotary switch to feed an interval
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timer. The schematic of the test box referred to in the test

procedure is shown in Figure 15.

4.4.2 Group I Test Results

The test procedure given in Appendix C includes both quanti-

tative and qualitative criteria used to examine each controller.

The procedure also includes the set-up steps to be taken before

making measurements and remeasurements taken to confirm proper

operation after severe tests were performed. The quantitative

measurements of the controller characteristics are shown in Table 1.

Each column of data represents a numbered step in the test procedure.

Test steps in which data is not given in the table are explained

below.

Steps I and 2 confirm the mechanical characteristics of

the controller at the time of testing.

Step 3 assures that the hermetisity requirement of the

specification was met. All controllers were tested for, and

passed a fine leak requirement of a leakage rate of less than
ATM-CC

106 -SC 7 All controllers also passed the gross leak test

in which no escaping bubbles were observed when the controller

was soaked in hot freon.

All controllers passed the di-electric withstanding

voltage of 1000V AC RMS of Step 4 without breakover.

All controllers had leakage currents less than lu amp when

100V was applied between the points outlined in Steps 5 and 6.

This is equivalent to isolation and insulation resistances

greater than 100M4 for these tests.
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Steps 7, 8, and 9 are set-up and run-in procedures used

to assure proper operation before quantitative data was

taken.

Steps 10 to 22 results are listed in Table 1.

Step 23 is a set-up and calibration step used in prepara-

tion for the trip time tests.

Steps 24 to 27 results are listed in Table 1.

Steps 28 and 29 are consequences of successful completion

of all trip time tests.

All controllers would not reset when a 4.5m sec. turn

off pulse was applied in Step 30.

Step 31 results are listed in Table 1.

For Step 32, all controllers had an observed AC voltage

drop of less than .01 volts with most units reading about

.001 volts AC. This can be related to the ripple current

developed by the controller into a resistive load. This

test was performed only at rated output current since the

controller design did not include AC developing circuitry.

Prototype tests indicated that controllers would not

produce a ripple current at any intermediate load current.

Al. controllers tested passed the common mode rejection

test of Step 33.
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For Step 34, all controllers were forced to a Fault/Bit

impedance and the input current was adjusted to the point

where the voltage between the input terminals was 15V. Since

the required input current to obtain this voltage was

approximately 14 ma., maximum power was applied to the input

circuitry without exceeeding the maximum voltage or current

specifications. Proper operation of the control input

circuitry after testing is measured in Steps 35 to 40.

Step 35 results shown in Table 1.

Steps 36, 37, and38 remeasure controller characteristics

to assure proper operation after trip time and maximum control

signal tests.

Step 39 remeasures the Bit/Fault level taken in Step 35

under a different Fault condition. All controllers had the

same Bit levels for both Steps 35 and 39.

Step 40 results shown in Table. (This test step was not

included in the original test procedure; because of this,

some of table entries are missing.)

4.4.3 Group 11 and Group III Test Results

Three controllers of each rating was tested for the applic-

able items of Table III, Group II and Group III of the specification,

after passing Group I tests. Included in this group were the
Operating Voltage Transient and Transient Spike Overvoltage tests

-61-
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applied to the power terminals of the controller plus the control

input transients applied to the control terminals.

All twelve units were also tested at temperature extremes of

-540C and 1200C, as measured on heat sink to which the controller

was attached. The test procedure that was used for Group I testing

was also used to test operation at temperature extremes, but with

the test sequence starting at Step 7. (See Appendix C for test

procedure.) Test results of measurements made at -54*C and 1200C

are given in T=.le 2.

After being tested &t temperature extremes, the controllers were

then each tested at room temperature for proper operation after

operating voltage transients and transient overvoltage spikes were

applied to the power terminals and control input transients were

applied to the control terminals. Proper operation was assured by

testing each unit for compliance with the applicable items of

Table IV, Group A of the Specification.

it was observed that the controller output would turn on for

2 to 3 milliseconds when the control transient pulse train was

applied. This was determined to be caused by the integration of

the pulse train by the opto-coupler Z3 and delay time integrator

Rll and Cl. Since the delay before turn is allowed to be as short

as 100.u sec. and the delay before turn off as long as 2.Om sec.,

it was determined that this duration turn on short was not a

violation of the specification.

A
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4.4.4 Bit Fault Tests

One controller was specially constructed so that the Bit/Fault

condition simulating a shorted power output transistor could be

tested in accordance with Table IIZ Group III of the specification.

This controller (#83, 1/2A) had an additional wire attached to the

emitter of the power output transistor. The wire was then fed through

a hole in the plexiglas cover that was used in place of the metal

header cover. The controller was then tested for electrical compli-

ance with the specification with the exclusion of the high voltage

isolation tests. This unit was then tested in a normal condition

with a 10m sec wide 10ma pulse turning the output on as shown in

Figure 16a. The wire attached to the emitter of the output trans-

istor was then shorted to the power output terminal to simulate a

shorted output transistor with the results as shown in Figure 16b.

Note that the initial Bit response indicates a Fault condition

(11V control input voltage) since the controller was passing output

current directly before the input signal was applied. The Bit

response then reverts back to the normal level. (7.2V control input

voltage) since there is, at that time, a control signal to turn on

and the controller is passing rated load current. Figure 16c

shows the controller's fault response to a 501 sec. interrogation

on an expanded time scale. Figure 16d indicates the Normal Bit

input response with an interrogation pulse when the simulated fault

was removed.
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BIT RESPCNSE TEST SERIAL #83 1/2A

OUTPUT VOLTAGE
TO LOAD

3ov lov/DIV

CON~TROL INPUT
VOLTAGE RESPONSE
To 10 ma INPUT

5V/DIV

Horz. = 0.5 ms/DIV

Figure 16a. NorLai . M..,a . ms
Turn on Pulse Every 5 Ms.

OUTPUT VOLTAGE

3'0V OV/D IV

CONTROL INPUT
5V/D IV

Figure 16b. Simulated "Stuck-on" Fault Horz. = .5 i
1 ms Turn on Pulse Short Acrosss
the Power Output Transistor to

Simulate Fault
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BIT RESPONSE TEST SERIAL 483 1/2A

30V OUTPUT VOLTAGE
30V 10V/DIV

CONTROL INPUT
5V/DIV.

Fi.gure 16c. Simulated "Stuck On" Fault Horz. =lQ0 Sec/DIV
BIT Liesponse Sampled With

30 ju sec. Interrogation Pulse

3 Q-VOUTPUT VOLTAGE
30V 10V/DIV

CONTROL IN.,PUT
5V/DIV

I ~Figure l6d. :4orrnal Operatiocn With 5 oz =l0Se/I
Interrogation Pulse
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4.4.5 Problems Encountered During Testing

Some of the controllers being manufactured failed during

testing or were determinedto have an electrical parameter outside

the specification limits. If the malfunction occurred during the

final test, the unit's cover was removed and, if necessary, the

hybrid substrates were taken off so that the cause of the fault

could be determined.

When the first manufactured group of controllers was tested

for Bit response time at 1200C, it was observed that some of the

units would not have a stabilized Bit level within the allowed

50% sec. Because some of the phototransistors were observed to

have lag times of greater than 50 microseconds at 1200C, all the

optocouplers on hand were tested for rapid response time character-

istics at elevated temperature. Out of 369 parts tested, 237 had

lag times of less than 40 microseconds. Since each of the 100

controllers require three optocouplers, an additional lot of opto-

couplers were purchased and tested.

Testing of the 10 and 5 Amp power assemblies indicated a

greater voltage drop than anticipated across the output stage at

rated load. This additional drop would cause an incorrect measure-

ment of the controller output current by the sense circuitxy. It
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was determined that the additional drop occurred along the printed

copper metal conductor trace. A copper ribbon in parallel to the

conductor was added to reduce the drop to an acceptable level.

Three of the 2A controllers failed to turn on after the 600V

short-term transient was applied across the power input and ground

terminals. A visual examination of the assembled controllers did

not reveal damage to the power or amplifier substrates, but close

examination of the logic hybrid uncovered blown ground metallization

on at least one of the three CMOS IC chips on each controller. This

type of failure will usually manifest itself if the maximum

specified CMOS operating voltage is exceeded. Since the controller

design contained circuitry to prevent overvoltage on the internal

supply rail, those components that should clamp or suppress trans-

ient spikes were suspected as being defective.

Two Zener diodes located on the power hybrid were incorpor-

ated so as to clamp the input spikes to a maximum 80 volt level

which can safely be further reduced internally. Further testing

revealed that due to the slow response of some of these diodes,

spikes of up to 120 volts were being passed to the system. This
fact in conjunction with the breakover of a protection diode

located in the internal voltage regulator would pass a higher

than allowable voltage onto the 12.5 volt supply rail. This then
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resulted in the destruction of the CMOS devices. To correct the

possible deficiency of the Zener diode response time, a 0.1 micro-

farad capacitor was added between power input and ground to absorb

the initial surge until the Zener takes effect.

A few S amp. controllers failed preliminary testing by produc-

ing oscillations on the power output line during the turn on and

turn off transitions. An examination of the test bench set-up

revealed a poor power ground system. After correcting this defic-

iency, all but one of the units operated correctly during the rise

and fall time period. The sixth unit was diagnosed to have a

defective component in the closed loop circuitry that produces

the transition period slopes.

During the production and testing, seven controllers encountered

catastrophic failures during trip time tests. When these units

were tested with a short between the output lead and ground in

accordance with the specification, the controllers would not trip

out in less than 1 millisecond as required, but would stay on for

a longer duration until the sense resistor, acting as a fail-safe

fuse would blow out. When the power decks of these units were

examined, it was found that in addition to having an open sense

resistor, the main power transistor had cratered under the emitter

contact lead. The cause of this type o-f failure could be due to

the control circuitry keeping the power stage on for too long

during the overcurrent condition, thus, causing secondary break-

down, or because of premature secondary breakdown due to a weak
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pass transistor in the power stage latching the output on even

though the control to turn on had been removed.

Some of the failures were caused by the control circuitry

keeping the pass stage on for too long until the designed energy

limit of the transistor was exceeded. This was attributed to

problems in the test equipment resetting the control circuitry.

Examination of the pulse generator signal that develops the

input to turn the controller on indicated that some switch bounce

from the pushbutton actuator was being passed through the system.

This had the effect of resetting the trip out period and then

turning the controller back on before the controller could normally

trip out. This allowed the controller to be turned on for a longer

accumulated period than intended between trip out times. The

transistor would then short from emitter to collector due to

secondary breakdown and would remain on until the sense resistor

would blow open.

Although it was observed that at least one unit had failed

due to the double pulse cause, it is certain that an additional

unit failed due to other reasons. To prevent double pulses in the

future, an additional circuit was built into the test set-up that

would turn the controller on for a 20-second period.

It was determined that the remaining damaged power decks did

not fail because of faulty external operation, but due to voids
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under the transistor formed during assembly. These voids would

cause hot spots on the transistor surface that would account for

the premature breakdown. X-ray photographs were taken of the

damaged power deocks to examine the transistor contact area. In a

few cases, the drive transistor and not the pass transistor had

the high void concentration. Since it was observed that the pass

stage sustained the damage, it is presumed that the driver prematurely

broke down, thus, turning on the pass unit for too long until it,

too, br'oke down and, then, shorted until the sense resistor opened.
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5.0 RCOMMIENDATIONS

The difficulties involved in producing 100 controllers point

out the areas that could be improved on to ease manufacturing for

large quantity production. Testing the controllers to meet the

specification also indicated parameters that would be advantageous

to change to produce lower cost power cuitrollers. It is therefore

recommended that the following modifications be incorporated into

a controller specification for building production quantities.

Increase the control input current from the nominal

10ma value to at least 15ma. This will ease the selection

among the few opto-couplers that operate at 120"C. Another

benefit of a higher input control current is that the internal

biasing resistances of the control circuit may be decreased

which will decrease the Bit response settling time.

It is suggested that the mechanical specification require

that one of the glass feed through insulators on the header be

a differenct colored glass for indexing.

If the minimum current detection range for a fault could

be defined to be approximately 15% of rated current with a

tolerance of plus or minus 7% of the rated current level, then

the precision of the internal voltage supply and reference

voltages could be reduced.

It is also suggested that the additional items be speci-

fied and tested for future qualification:
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Voltage drop from Pwr In to pwr Out at over Current levels.

The allowable output spike when power is initially 
applied

to the Pwr in terminal.

I minimum voltage operation.

That the Fault Bit response will over-ride Trip when the

voltage is removed from the Pwr In terminal.

-
-73-
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HA01 POWER HYBRID PARTS LIST

10A 5A 2A 1/2A

R24 100 200 500-1K 1K-2K

125 130 130 130 130

R26 500 800 2K U
R27 .08 ohm .08 .10 .40

R28 50 50
R29 .08 om .08
R30 50 50
R31 .08 ohm
R32 50
R33 .08 ohm
134 50
R64 8 16 50 300-510

R65 IK iK IK Ix

R66 1K Ix
R67 Ix
R68 1K

D4 11N4148 IN4148 1N4148 1N4148

D6 IN3040B IN3040B 1N3040B IN3040B

D7 IN3040B 1N3040B 1N3040B IN3040B

Q3 2N6316 2X6316 2N6316 2N6316

Q4 2N3019 2N3019 2N3019 2N3019

Q5 2N6316 2N6316 2N6316 2N6316

Q6 2N5339 2X5339 2N5339 2N5339

Q7 RCA 67654 RCA 67654 RCA 67654 RCA 67654

Q8 2N3792 2N3792 2N3792 2N3792

Q9 RCA 67654 RCA 67654

Q01 2N3792 2N3792
Qil RCA 67654
Q12 2N3792
Q13 RCA 67654
Q14 2N3792

CK .1up .1uF .1 u .1 UF

A-1
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HBO1A LOGIC HYBRID PARTS LIST

R1 100 K Untimmed
R2 560
R3 820
R4 13 K
15 15 K
R6 200
R7 410
R8 20 K
R.9 3.9K
R10 3.9 K
RII 250 K
R13 1.8 m
R16 510 K
R17 510 K
RI 90 KR55 13 K "R55 137 .5 Active TrimP.56 17.5 -,

R57 2.7 K
R58 7.5 K
R69 680

Cl 1000 pF
C2 4700 pF
C3 0.01 11
C7 1000 p
C9 0.01 p
CIo 0.01 11

D1 MCC3.6A
D5 MZ43B10
D8 1N4148

V! 1N4148
Ul CD407OBH (TA6950)
U2 CD4001BH
U3 CD4011BH
U7 LM723H

Q1 2N5550
Q2 2N5550
Q15 2N5550
Q16 2N2484
Q17 2N3251
Q8 2N2484
Q19 2N3019
Q20 2N5550
Q21 2N5550
Q22 2N5550

I
I A-2
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HB302 AMPLIFIER HYBRID PARTS LIST

R14 92KX
R.15 47 K Active Trim
R19 75KX
135 15 X
R36 56 K
R37 15KX
R38 15 K
R39 100 K
R41 465 K
R42 476 K
R44 20 K
R45 63 X
R46 8.1 K
147 8.8 K
R48 46 K
R49 4KX
R50 15 K
R51 410 K
R52 406 K
R53 92KX
R54 47 K Active Trim
R61 820
R62 3.3 K
R63 1.2 x

C4 1000 p
C5 0. 1 ]
C6 .1A
Ca 0.01 L

us CA324H
U6 CA339H

A-3
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o C CONTROLLER PARTS LIST

Header/Power Hybrid (HAO1) su~bassembly
Logic Hybrid (EEC LA)
Amplifier Hybrid (HB02)

zi OP11991
Z2 0211991
V3 0211991

03 IN4002

Header Cover
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• : ' .... i - 7 6 2 1 5 - 3 0. . . .

i .. Z 7 APR 11+

b'=%ITY SPECZCXIOv SHEM?

fOvR cor"so.n, DC LOAD racTMZ.oG
- SIP 51 5 l. IM1AL 02A4, j &3U1 10 AL."S

The complete c irements for procuring the controllers described herein
shs.l consist of thi document and the late: issue of

-NO. FUNCTION
o() I Power I

.040 ,2 Power Cu
3 Power Ground

1 4 m.mm...mm~ -r-----~----.4 Control
.02A 00 -4 . .U.04 5 1 IialG~n
'o- A __________•_.o___________' '

IPINS
9 0 (b)

S.,005 0010

TYP SLOT

I(.)

Star (' ,
AMPERESA "A" hiA. WEIGT

.17 INA,. 3.oo---. -A.P.S X ., ,.oIla 450 2. QZUI

H1. 7 /2. .01. 2. QZ
is2. 1S0* ago 1.0 3.002z

,OT~: 1) lame plate location.
(b) Pin designations are for reference only and do not appear on header.
(o). Terminals shall be Un plated followed by a flow process or costed

with compostion So 40 to So TO solder conforming to QQ-S-STI.(d) TS760,/oz-0o3., 002 & 003 only
Cr) 7602/91-0Q1, &C02 enWj

(f 7602/0.-0.1 oZl

| ..



* NADC-76215-30
SP=ZCZOX NO. XKA-30--76oa/bi

*7APR 576

MZPC2UAfCAL A",~ DUMITONAL CHAACTEUSMfC3

SComflgz-soa .. . . . . . . . . . . See 71gu' I
Toleances . ......... . 0. 0 for two place decmals

ZI&0. 005 for thre place decimalszn losuro • Type.. • . . 4

.Weight .... . . . . . . . . .. . •See r r I
Uontung tozque . . . .. . . . . . . . 2 I 1 b. .
Terobal strength

pan test .. .. . . . . • a a • CondLtlonA-1Opods.
Dead test . ........ . Condiiou C- S pounds

* Leak .'*.• • • . 1• 6 mcc/see.

TIIZIWAL CIL4UAC'TEP1ST1C3

Therm.4 resistnce case-to-stnk . . . . . 0.50C/wam with specifled
mountirg torque

g esink tempo.-ture .... " See Table I
(design consideatio)

LZLCTRIC CKARACTMIMTICS (-34 to 120-C case t4nperature unless
otherwise specald)

Circuit armrngement .... .. .... S5T 10
Insulation resistance . . . .. .. . . .. 100 megohms =mnLmn
Dielectric withs.tanding voltage. . . . . . . Applicable
?aolation . . ' . . . . . 0 & . . . AppUcable

* Lfe (operating cycles) • • • • • . . a • 106 minimu
Radio lnterference ........ . • . Appicsble
Leaizgecurrent .... . .,. . . . SeeTableL
Power dissipation

OF 0* * O • • • • • * * * See Table I
O01r; e • ••• ••• SeeTalel.

Common mode rejecttoa. . . . • • • • • Applicable

Eoer C Irut ..

, I w 1, y v o l t a e3 o l s d x
stad statea. 0. 6030ot c

%.5 volts d minim{ 'ftient (Ipg term) ft V . olt 1110 ,CA-Xt== (5o US)

9.0 volts dc minimv (50 a)
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"" W-76215- 30
* ~SP=XCflA==1 NO. &AD-30-TS-760 2/0 .

Current
flatcd Ino lid to 100U. rated) . . . . . . . Sc.- Table I" " ecyn . (rateol) . ... .. . . ,Not app~lcable

VoIgo drop ino load to rated) . . . . . 1.2 volts dc maxizmum. Q -3ec

.9 volt dec maziam G100%
Current indUnlg . . . . ... . . . . ... 270-330'0 rated load
Ripple curreatina load to IO., rated) .. .. .... . : rated maximnum

(in current limit to short circuit) . . . . . r, rated ma.din m
Rupture capacftv . . . . . . ... . . . . . Unlimited
DC ofat voltage e . & . . . ... Not applicable
Let throagt Curreut

AmpUltude .... . . r a t .... 3"jOtr'ted current m=.Wium
Time . . • • ..... , . , , . . , . 10milseconds mximum

YpU satr ......... . . . . . . See 3g.. e .
PRest lmmunity .... . . . . .... . . . Not appUcable
Tnaamar.

Opeatinlg voltag .. ..... ...... , Applicable
Spfke overolt rol t ... ........ . AppLtcable
Standlby power . ...... . . . . .. . Net applicable

Response
Turn on time. ... . . . . . . . . .nllseconds maximum
Rise time. ...... .. . . . . 0.I'milllseconds minimum

0.S millisecon-ts ma=xmun
Turn-off time. . . . . . . . mIlltsecocd, maximum
ra n , , . .. . . .. millsecon-t minimum

2,0 milliseconds ma.imum

Tur n ielay . . . . . . . . . . . . . . 0.1. tllsecznds mtiimtm
- . 1.0 mailisecznds maximumSApplicbl

Trip free......... Ap. cnble

-tpt1 * .. . . . .ee e . • See Figure .
-toarepetitivo reset . . ... . .. . AppUcsble (M seconds

, 1timu4n between resets)
Rpetitve reset "Applable

Zero voltage t= . . .T . . . •Not applicable
Zero curet turn o* . * * 0.. - ot applicable

Contril Circut

spply voltage -. 0 vl .d.c . .m0om
Culrent , . . ,.. ,. , ,, ., , , .0ILliacperes raximum

* TU1.4UCn3T¢ft . , • • . . . •. . , . 1.O lliaonpe ratedL
1.0 mi/lliamzperes md, -ou

tU'-OU .L2.ci.ren l* . . . . . , , . . , . 1, 5±l± •ro3ms u
10 4.12Oes Ca.xAMt

D-3
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Control circuit ((c..o)

BIT input dances aAd s:gals (±.lOL)
Fa )st • . . . .. .1.k flx=, 1.1 Volts de

ormal .o , o o . . . . • * * * . 720 ohma, 7.2 Volts dc
Tr~.p ... ,e. ,o ,,4 420 ohms, 4.2 Volts de

Remaval tigm to reset . . . .. . . . 5.0 m±llise:uuda .intum
. O.o mill u.,d.a -,=IMa1 ""-

an vabce ie applicableT•zuovoaats.. ....... "" otav ab.TLe
Rate of chunge No.. oaUcable

Turn Off Volge . . .. Not ppLtcable'LUs of Cban4P .. . . . . . N ot applicable

tnPszt tAUS16e2t . . . . . . . ... . . . Applicable
Seit circuit

supply Voltage . . ... .Nt applicable

Re4set voltge . ot applicable
Rate of Change ................ Not appUcable

Tapft tra isents . . . . . . . . . . . .appcle
Application tme to reset ...... ...... NaL

EVWO".. EEAL CMflAACTERISTICS

Case tempezr-tue
Opezating . . . .. . . . . . . . 5 4 C to i2C
Stwuage (nonoperating) . . . . . . . . . -6SC to IS°C

Sbock
Me adcal... ........... 1000tfor 1 millisecouds
Temperstare ............. -$4C and 71"C

VibraUon o e AppUcable
Acleration ........ ...... 1000
Salt fog . . . . . . . . . . . . . . . . Applicable
vandlty . . . . . . . . . . . . . . . APpcable
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SPZC='CATION NO. ItAD-30.US-7602/oJ.

2 27APR 197

Opegsoo attemp. etrem~s . *....p~s

?epeauraLtr . . . . . . . . . . . . p4C tol5.

1TABLEC 1. Dash rtumbers vid Rx'"1t~*o c.matettr

Paxt No. Curn __________tm Wtt VX

jC~&rrON Curntm sinkt1f W~3MZ tL~
w~/i Amp~eres ______25%_006__ Tem

25C OO C (&'IuLromereff , lu

002.0. 1.3 1.1 1.0 .50 500 3.19

* 00 2.0 Zi.0 3.5 3.0 SooL11

C S5.0 9.0 8.5 8. 300

oo* 10.0 17.0 16.0 - 15.0 .50 1000 i

(1) Stzady state
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1.*0 IN4TRODUCTION

This failure mode analysis has been prepared in response

to Paragraph 7 of the Work Statement No. 30P9-Solid State

Power Controllers, dated 6 April 1976. The analysis has been

conducted in accordance with Paragraph 3.4.2 of the Reliability

Program Plan for Power Controller DC, Load Switching, dated

15 October 1977. The design data basis for this analysis is

the final design of the DCPC as presented elsewhere in this

report.

2.0 FUNCTIONAL ANALYSIS

The failure mode analysis is derived from a functional

analysis of the controller. The major functions of the controller

with respect to the power input and output terminals are as

follows:

The controller will:

1) Turn on within the specified rise time delay limits

when commanded on.

2) Turn off within the specified fall time limit when

commanded off.

3) Trip out within the specified time limits and will

not trip out prematurely.

4) Maintain the Power-Input-to-Power-Output voltage drop

below the specified limit.

5) Maintain the power dissipation below the specified

limits.

E-I
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6) Maintain current leakage at the Power Output below the

specified limit when off.

7) Provide the specified current limiting.

8) Maintain correct operation (no trip out) after exposure

to the specified long-term and short-term transient voltages

at the Power Input.

The internal functions of the controller are identified and

grouped into three major subfunctions as shown in the controller

functional block diagrams of Figure 3 (Logic), Figure 5 (Amplifier)

and Figure 8 (Power) in Section 2 (Circuit Design and Operation) of

this-report. These three major elements (plus a separate semi-

conductor diode) represent the physical partitioning of the controller

into hybrids with interconnections as shown in Figure 1. The output

signals (lines) from each hybrid or deck to the other two are the

outputs whose failure modes and effects are analyzed and recorded in

detail in this appendix.
4

3.0 FAILURE MODE ANALYSIS PROCEDURE

The output signal lines were grouped by major subfunction and

analyzed one-by-one in terms of failure modes and effects. First,

each output line was identified; then, the major possible failure

modes were determined; the failure effects on the other two major

subfunctions and on the controller power output were obtained; the

symptom of failure, if any, presented to the controller input terminals

wad deduced.

The conditions attendant on the analysis of each individual

failure mode are as follows:

E-2
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1) Only a single failure has occurred (the probability of a

time overlap double failure occurrence is so low as to

be negligible)

2) The controller has been thoroughly debugged and tested and

is running normally (commanded on or off) just prior to

failure.

3) The failure symptons recorded are those directly available

to the external system observed as voltage levels at the

control input of the controller; indirect symptoms such as

the reaction of the controller-fed load equipment, and its

subsystem and system are assumed not to be always available

or to be ambiguous with respect to the location and cause

of failure.

4) Control input terminal voltage levels are considered to

provide Bit status information and fault symptoms; they

do not provide a major function controller output.

4.0 ANA.YSIS RESULTS

Failure modes and effects are documented on the FMEA (failure-

modes-and-effects) Table E-1 attached:

1) Logic hybrid outputs: Sequence Nos. 1-3

2) Amplifier hybrid outputs: Sequence Nos. 4-8

3) Power hybrid outputs: Sequence Nos. 9-10

Several of these failure modes and their resultant effects

were noted during debugging and testing of the one hundred controllers

produced.

E-3
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TABLE E--1

SYMPTOM DESCRIPTION LIST

Condition A

Fault BIT state indicated at control input terminals during
steady state application of input signal. Normal state indicated
when input terminals are interrogated with 50js pulse.

Condition B

Control input terminals will indicate a trip state. The input
terminals may indicate a fault condition when interrogated with a
503s pulse.

Condition C

If the +12.5V supply line voltage goes above 20V, the CMOS
logic may be damaged, in which case, either symptom condition A or
D may be evident. An increase in the 12.5V line voltage will cause
a slufting up of the trip curve; therefore, the controller may not
trip out during over current conditions. The increase of the thresh-
old levels may also cause a steady state fault indication when the
controller is passing current above the normal minim.-a current level! ("15%).

Condition D

Controller output will not switch off. Normal BIT state indicated
when input signal applied. Fault state indicated when interrogation
pulse applied.

Condition E

During over current condition, the trip current level is detected
but control logic may be stuck so that trip BIT state is indicated
but controller does not turn off.

Condition F

Solid State switch will not saturate; thus, the power output
terminal voltage will be below normal. Depending on this voltage,
the output current to the load may produce a Normal or a Fault BIT
state.

Condition G

Controller will not trip out when an overcurrent condition
exists. Normal BIT state indicated at input terminals.

E-10
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I Condition H
Controller will not turn on. BIT TRIP indication returned

at steady state turn-on and during interrogation pulse.
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